INTRODUCTION
Staphylococcal leukocidin consisting of F and S components caused morphological changes in human promyelocytic leukemia cells (HL-60). The morphological changes induced by leukocidin were rapidly suppressed by the addition of 1 mM CaC12 while the addition of 1 mM EGTA readily restored the activity. Leukocidin considerably enhanced both 45CAC12 uptake in HL-60 cells and the release of potassium ion from the cells as measured by a flamephotometer. Tetraethylammonium chloride (TEA), a potassium channel blocker, suppressed not only morphological changes by leukocidin but also potassium release and calcium uptake. In conclusion, extracellular calcium did not block the binding of leukocidin to HL-60 cells but it seemed to suppress leukocidininduced potassium release from the potassium channel.
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Staphylococcal leukocidin is one of the extracellular proteins excreted by Staphylococcus aureus. It is selectively toxic to the polymorphonuclear leukocytes of rabbits and humans, but not to their erythrocytes and other cells [1, 2] . We examined leukocidin action on the HL-60 cell line which has been established by Collins et al. [3] from a patient with promyelocytic leukemia, and found that leukocidin induced morphological changes in the HL-60 cells. The main features of the leukocidin-treated HL-60 cells were release of potassium from the cells and accumulation of calcium into the cells just as in the leukocidintreated leukocytes reported by Woodin et al. [4, 5] .
Calcium has become recognized as an important intracellular mediator and shown to be involved in the regulation of a variety of biological processes [6, 7] . There are several reports of cytotoxic injury of hepatocytes [8] [9] [10] and the destructive action of pseudomonal leukocidin on rabbit polymorphonuclear leukocytes was reported to be enhanced in the presence of calcium [11] . Woodin reported that in the presence of calcium, degranulation occurred in the leukocytes treated with leukocidin [4] . Therefore, we examined the effect of calcium on the cytotoxic activity of staphylo-coccal leukocidin to HL-60 cells. In this report we show that the morphological changes induced by leukocidin were markedly suppressed by extracellular calcium, and calcium did not interfere with the binding of leukocidin, but it suppressed the release of potassium from the cells.
MATERIALS AND METHODS

Staphylococcal leukocidin.
The S and F components of leukocidin were produced by the Staphylococcus aureus V-8 strain and purified by the method of Noda et al. [12] . In this report, 'X /,g of leukocidin' means 'X /,g of each component of leukocidin'.
Cells
Human promyelocytic leukemia cells (HL-60) were cultivated in RPMI 1640 medium (Gibco, Grand Island, NY) containing 10% fetal calf serum (Gibco), 100 U/ml penicillin and 100 /~g/ml streptomycin in humidified 5% CO 2 at 37°C. Viability as assessed by trypan blue exclusion was more than 95% under all conditions tested.
Chemicals
45CAC12 (20.45 mCi/mg) was purchased from New England Nuclear Company. All other chemicals were of analytical grade.
Determination of cytotoxic activity of leukocidin
Cytotoxic activity of leukocidin was determined as leukocidin-induced morphological changes under phase contrast microscopy. Exponentially growing cells were harvested by centrifugation and suspended in Dulbecco PBS without Ca 2+ and Mg 2+. 100 /*1 of the suspension (1.0 X 10 6 cells/ml) were plated in a 96-well plastic plate and 20 /,1 of various concentrations of each component of leukocidin were added. After 1 h incubation at 37 °C in a CO 2 incubator, the percentage of morphologically changed cells was counted by phase contrast microscopy.
5. Measurement of cellular potassium content
Cells (5 x 106) were suspended in 900 /,1 of PBS and 100 /,1 of various concentrations of leukocidin were added. Reaction was carried out at 37°C for 20 min and terminated by rapid centrifugation at 1500 x g for 30 s. The cells were washed twice with a buffer (8 mM Na2HPO 4, 1.5 mM NaH2PO 4, 140 mM NaC1, pH 7.2) to remove contamination by potassium. The cells were lysed with 1 ml of 5% trichloroacetic acid and centrifuged at 7000 x g for 10 min. Potassium in the supernatant was measured using a Hitachi Zeeman polarized atomic absorption spectrophotometer.
Measurement of 45CaCl2 uptake into HL-60 cells
Cells (5 × 106) were suspended in 1 ml of 0.1 M Tris-HC1 buffer (pH 7.2) containing 0.5% gelatin and 1 /,Ci of 45CAC12 with or without leukocidin. The mixture was incubated at 37°C for 30 min. The uptake of 45 CaC12 was terminated by the addition of 3 ml of the same buffer containing 15 mM CaC1 z and filtration through a membrane filter Millipore HAWP; 0.45 /,m pore size). The filter was washed with another 5 ml of the buffer and radioactivity was measured using a liquid scintillation counter.
RESULTS
Morphological changes induced in HL-60 cells by leukocidin
Normal HL-60 cells were round and bright by phase contrast microscopy. When the cells were treated with leukocidin, morphologically changed cells emerged depending on time under phase contrast microscope (Fig. 1) . Within 10 min, leukocidin-treated cells began to have extrusions from their surface (Fig. 1B) . The cells no longer appeared bright. Subsequently, the cells lost the extrusions, became round again and swelled considerably (Fig. 1C) . The wet weight of leukocidintreated cells was 1.6 times more than that of untreated cells at 30 rain. At this stage, clear spherical nuclei were prominent and Brownian movement of granules was observed. Most o£ them did not lyse and some of them showed an appearance of empty vesicles during a 1-h treatment. To assess whether these cells were dead or alive, the cells were washed with PBS, resuspended in RPMI medium supplemented with 10% fetal calf serum and incubated at 37°C in a 5% CO 2 incubator, but the ceils would not grow again, suggesting that the morphological changes by leukocidin were irreversible. From the curve, the concentration of leukocidin which induced 50% cell damage was only 40 ng in the absence of calcium, while 6.5-fold more leukocidin (260 ng) was required in the presence of 1 mM CaC12. The suppressive effect of calcium was not absolute and was overcome with increasing leukocidin concentrations. The suppressive effect of calcium on the cytotoxic activity of leukocidin appeared soon after calcium was added to leukocidin-treated ceils (Fig. 3) and addition of 1 mM EGTA restored leukocidin activity (data not shown). To determine whether calcium interfered with the binding of leukocidin to HL-60 cells, cells treated with leukocidin for 10 min in the presence of 1 mM CaC12 were centrifuged to remove unbound leukocidin, suspended in PBS and incubated at 37°C. Figure 4 shows that leukocidin activity appeared with the same slope as that of the cells treated with the same procedure in the absence of calcium. These data suggest that leukocidin binding was not affected by ex- tracellular calcium and the suppressive effect of calcium on leukocidin activity was reversible.
The suppressive effect of extraeellular calcium on the cytotoxic activity of leukocidin
Effect of calcium on potassium release by leukocidin
It has been reported that leukocidin induced potassium ion permeability changes in rabbit leukocytes [5, 13] . We also found that leukocidin enhanced either calcium uptake into HL-60 cells or potassium release from the cells (Table 1, -TEA). When HL-60 cells were treated with 100 .uptak e (cpm) for the TEA-untreated and TEA-treated cells in the absence of leukocidin was 2.7><:10 4 and 1.3×10 4, respectively, and this value was subtracted from each experimental value. Each cpm represents the means of two plates. b K+_content of TEA-untreated and TEA-treated cells in the absence of leukocidin was 21.7 and 13.3 p.g/5 × 10 6 cells, respectively. mM TEA which is a potassium channel inhibitor [14] , morphological changes by leukocidin were suppressed (Table 1) . In Table 1 , the cytotoxicity for 5 × 10 6 cells was determined after 30-min incubation to compare with other activities. In TEA-treated cells, calcium uptake and potassium release by leukocidin were also suppressed. Therefore, we examined if the extracellular calcium interfered with the potassium release induced by leukocidin. Figure 4 shows that the addition of 1 mM CaC12 inhibited the decrease of potassium content from the leukocidin-treated cells.
DISCCUSSION
Staphylococcal leukocidin induced morphological changes and permeability changes shown by potassium release and calcium uptake by HL-60 cells. Recently, the existence of a CaZ+-activated K + channel and potassium-selective ion channel have been reported in various cells [15, 16] . In HL-60 cells, extracellular calcium uptake may not be necessary for morphological changes in HL-60 ceils treated with leukocidin since leukocidin activity was induced without extracellular calcium. However, we cannot exclude a critical role of internal calcium on the action of leukocidin as leukocidin may mobilize calcium from intracellular stores. Recently, calcium has been thought to be important as a second messenger together with cyclic AMP since many cell functions seem to be regulated by the concentration of calcium ion in cytosol. There are reports that leukocidin activates calcium-dependent cellular enzymes in leukocytes [17, 18] . Therefore, we intend to determine cytosolic free calcium level in our next examination.
In this report, we showed that extracellular calcium suppressed morphological changes by leukocidin depending on its concentrations. In rat hepatocytes, it was reported that the addition of calcium decreased the plasma membrane fluidity by modulating the activity of membrane enzymes which altered the lipid composition [19] . Recently, Harshman and Sugg reported that extracellular calcium protected rabbit erythrocytes from haemolysis by staphylococcal c~-toxin [20] . However, the addition of 1 mM CaC12 which is a physiologically active concentration of calcium to the cells did not affect them. These authors proposed that extracellular calcium impeded the formation of transmembrane hexamer pores by decreasing the fluidity of the membrane and resulting in the inhibition of potassium efflux. In our experiments, the suppressive effect of 1 mM CaC12 on the cytotoxic activity of leukocidin was readily restored by the addition of EGTA and was overcome by increasing concentrations of leukocidin, suggesting that the activity of leukocidin was depending upon the concentrations of the toxin and extracellular CaC12. In conclusion, extracellular 1 mM CaC12 did not block the binding of leukocidin to HL-60 cells and the suppressive effect of extracellular calcium may depend on potassium release which was activated by leukocidin just like a potassium channel blocker, TEA, suppressed the leukocidin activity.
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